Abstract-The rapid development of wireless communication technologies and portable mobile devices such as laptops, PDAs, smart phones and wireless sensors brings the best out of mobile computing particularly mobile ad-hoc and sensor networks. Nowadays, most of researchers working on Wireless Sensor Networks (WSNs) focus on Mobile Ad-hoc and Sensor Networks (MASNETs) due to their wide range of potential applications ranging from underwater monitoring to search and rescue mobile robotics applications. In this research work, through extensive simulation, we have evaluated the capability of Ad-hoc On Demand Distance Vector (AODV) routing protocol on how far it can react to different mobility duration of mobile nodes in MASNETs. The performance of AODV is investigated in terms of the average percentage of packet loss and energy consumption. The initial performance study demonstrates that the performance of AODV is signicantly decreased in mobile environment due to the frequent topology change in MASNETs. Therefore, in order to enhance the performance of AODV in MASNETs, the new routing algorithm based on the estimated distance is proposed to replace the hop count for the selection of next node during the packet transmission. The estimated distance is computed based on the Received Signal Strength Indicator (RSSI) values that are collected during the communication between the sensor nodes. The performance of the proposed solution is also further evaluated and compared with the existing AODV routing protocol in term of their energy consumption and percentage of packet loss. Our study demonstrates that the proposed solution outperform the existing AODV in MASNETs.
I. INTRODUCTION
Recently, extensive research has been conducted on Mobile Ad-Hoc Sensor Networks (MASNETs) due to their wide range of potential applications ranging from environmental monitoring, animal monitoring to critical military surveillance. These applications can be executed either in static or mobile environment. In static networks, the change of sensor nodes topology is normally caused by node failure which is due to energy depletion. However, in MASNETs, the main reason of the topology change is caused by the node movement. Since the sensor nodes are limited in power supply and have low radio frequency coverage, they are easily losing their connection with neighbours and have difficulties to transmit their packets towards sink node [1] . The reconnection process from one node to another node consumes more energy that related to control packets. Random nodes movement in MASNETs application shows degradation in network performance due to high speed of mobile nodes.
Power consumption is one of the critical issue for routing in mobile ad hoc sensor networks(MASNETs) [2] . MASNETs is a network which contains mobile nodes that topology constantly changing. The main concerns is on how to select the next hop node that support energy conservation as it will certainly provide reliable and good path for data forwarding since mobility may cause radio links to break frequently. Most literature used shortest path (measured in terms of links or number of hops that a path goes through) as the major routing metric. Due to the vast dynamic nature of wireless channel, traditional metrics used such as hop count generally hard to provide a highly reliable path estimation in Wireless Sensor Networks (WSNs) and most probably consumed more energy in communication.This research is focus on analysing how far the proposed energy-savvy routing algorithm for MASNETs based on estimated distance improve the performance of AODV in mobile environment in terms of energy consumption and percentage of packet loss.
In this paper, through extensive simulation we evaluated the capability of AODV on how far it can react to network topology change in MASNETs. We investigated the performance metrics namely energy consumption and percentage of packet loss of mobile nodes with various simulation time. The rest of the paper is organized as follows: Section II includes the recent related works of current routing algorithm. The AODV routing protocol description is summarized in section III. The simulation environment and set-up are described in Section IV. We present the simulation results in section V. Section VI concludes the paper and outlines the future work.
II. RELATED WORK
In recent past, several works have been done on MASNETs along with the evolvement of wireless sensor network [3] . Many works have done particularly in mobile environment networks involving distance or location estimation using various approaches in MASNETs. Estimated distance is used to select the nearest next hop node in mobile environment as the nodes movement are effecting the process of selecting the next hop node for forwarding message from source to destination. Due to that reason, distance estimation algorithm were taken into places to involve in this research with the present of current routing algorithm in order to prove that the enhancement have been made on the current algorithm to support energy conservation in mobile ad-hoc sensor networks. A brief studies of current routing algorithm and work on distance estimation are presented in this section.
This paper [4] present the hop count problem in mobile ad hoc network, and propose an efficient hop count routing protocol(EHCR) based on the previous studies of mobile ad hoc network. The performance of EHCR evaluated with the existing protocols by using NS2. Their experimental result show that the program can resolve the hop count problem and improve the network packet delivery ratio, as well as reduce the network delay and overhead. They also improve the overall performance of wireless and network. The issue of energy consumption and the propose solution of this problem is not mentioned in this paper. Our work is focusing on enhancement of hop count routing protocol to improve energy and packet delivery in mobile communication by using Avrora Simulator.
Another paper [5] briefly review hop count based protocols and investigate their performance due to the hop count shift problem. They mentioned that, the problems can obviously be eliminated if all nodes know their Cartesian coordinates via respective GPS units. However, attaching each node with a GPS is expensive. Indeed, many protocols are designed without the prediction of locations but based on hop count only. Although such kinds of protocols suffer from the inaccuracy of nodes location estimations, the simplicity may still help them with lots of practical usage. Due to that reason, they propose a strategy to battle the hop count shift problem and conduct some simulations to show its effectiveness. Their study suggests that these protocols performance generally suffers from the hop count shift problem.
One of the algorithms for location estimation in the area of sensor networks is based on RSSI sampling [6] . RSSI model used as the signal was broadcasted by the beacon to all sensors, then distance between sensors and beacon can be estimated on the basis of the signal strength stored along the process. Furthermore, probabilistic model used to compute a position estimation of the sensor node by sampling multiple readings from beacons. They compute the correct probability distribution of the sensors location and then adopt this probability distribution in a theoretical analysis of sampling the measurements for location estimation. However, they have mentioned in their paper that there are obvious tradeoff occured between accuracy and power consumption. This happened due to the factor that if higher accuracy is desired, more beacons are deployed or more samples are used. Using a large number of beacons and samples causes significant energy consumption. Other than that, code of the program written in NesC is 47K whereas the amount of memory needed to execute this program in TOSSIM is 637K.
One of the works, notably [7] have proposed an enhanced mechanism for a next hop node selection RSSI-based Forwarding (RBF) protocol that works without knowledge of nodes location by using a RSSI level of beacon signals transmitted by the sink. Next-hop node is determined among the forwarding candidates using a timer-based suppression scheme. Improvement of the suppression scheme is proposed as a contender closer to the sink is chosen with higher probability for being selected as a next-hop node. The mechanisms used affect the overall nodes relaying burden, energy consumptions and congestion level in the network.
Paper [8] present a detailed analysis of the Radio Signal Strength (RSS) model for distance estimation in wireless sensor networks through empirical quantification of error metrics. Indeed, on the basis of this experimental analysis, they implement k-nearest signal space neighbour match algorithm for localisation, and evaluate some vital control parameters using this technique. This work can be adapted to different cases and scenarios, to achieve finer and more precise location estimates. Their results are encouraging and they are able to achieve an accuracy of nearly 1.1 meters with 90% probability in indoor environment. The theory of distance estimation using RSSI value is almost similar to our project, but we are focusing on the study that energy conservation can be prove by implementing distance estimation algorithm in AODV.
This work [9] used RSSI value for distance estimation in Wireless sensor networks based on Zigbee. In regard to distance evaluation as well as routing protocols, RSSI (or LQI) plays a significant role in deciding which link to use next (in multi-hop network) so that packet delivery will be optimal in time or energy matter. The first problem come across in this study was the problem of Microchip documentation and the interpretation of RSSI value. RSSI value is defined in datasheets but never explained as to how to calculate real RSSI value in dBm, in regard to the RSSI given by the MRF24J40 module (which is basically the AD value measured within the module). Some question arises by the researches in this study and they concluded that the distance can be precisely evaluated if the terrain variables and conditions are near perfect. This paper concentrates on evaluating the performance of AODV in MASNETs environment to get a better performance evaluation results on AODV routing protocol. We investigate the impact of running simulation in various time length with both hop count and estimated distance routing algorithm, and compare their performance in terms of the average percentage of packet loss and energy consumption.
III. PROTOCOL ENHANCEMENT A. AODV Routing Protocol Description
Ad Hoc On-Demand Distance Vector (AODV) routing protocol described in [10] builds on the Destination-Sequenced Distance Vector(DSDV) algorithm as it is an improvement of DSDV. The reason is AODV typically minimizes the number of required broadcasts by creating routes on a demand basis, as opposed to maintaining a complete list of routes as in the DSDV algorithm. The authors of AODV classify it as a pure on-demand route acquisition system, since nodes that are not on a selected path do not maintain routing information or play a part in routing table exchanges [10] . When a source node Fig. 1 . Flow chart of a source node broadcasting a RREQ message needs to send a message to some destination node and does not have a valid path to that destination, it initiates a path discovery process to find the other node. It broadcasts a route request (RREQ) packet to its neighbours and continuously forward the packet to destination or intermediate node. The route selected must be in a condition of fresh enough route or a valid route to the destination.
AODV utilizes destination sequence numbers in order to ensure that each routes are loop-free and have the latest route information. Every node holds its own sequence number, as well as a broadcast ID. Every RREQ initiated by the nodes will generate an incremented broadcast ID together with the nodes IP address to uniquely identify each RREQ. Whereby intermediate nodes can reply to RREQ only if they have found any route to the destination.
During the process of RREQ forwarding, intermediate nodes log address of the neighbour node in the route tables. As the broadcast packet is received, a reverse path will established accordingly. If the same RREQ are received again on the next time, these packets are automatically discarded. Once RREQ reaches destination or intermediate node, with a valid route, the node responds by broadcasting a route reply (RREP). As RREP routed along the reverse path, nodes along this path set up forward route entries in their route tables. These forward route entries indicate the active forward route. Routes are maintained as if there is no available routes or reply packets are lost, the query packets will rebroadcasted by the source node if no reply is received by the source after time-out. Path maintenance is purposely for AODV to monitor the operation of route that have been used. If the notification of broken link received by the source, route discovery process will be re-initiated to find new route to destination.
If a destination or intermediate node detects a broken link, it have an option of either to repair the link locally or send route error(RERR) packet to notify its upstream nodes. RERR message contains list of destinations which are not accessible due to the broken connectivity. AODV only keeps the records of next hop instead of the whole route. Additional aspect of AODV protocol is the use of HELLO messages. HELLO messages used to maintain the connectivity of node by detecting and monitoring links to neighbours. 
B. AODV Enhancement
The proposed distance estimation algorithm attempts to reduce the energy consumption and percentage of packet loss in MASNETs. There are three important goals for the proposed algorithm as follows:
• To identify the impact of mobility on the selection of next-hop node in MASNETs.
• To design and implement the best technique to select the next-hop node in order to improve communication • To propose an energy-savvy routing algorithm for MASNETs based on distance estimation to conserve energy in mobile environment We consider the selection of next hop node based on estimated distance as the source node will transmit packet to the nearest neighbour(based on the distance estimation) instead of selecting the next hop node based on the less hop count. An optimization function considers the estimated distance between nodes based on RSSI values received from neighbour nodes within communication range to decide the nearest neighbour for packet forwarding. Methodology involved in the enhancement of AODV shown in Fig. 2 .
IV. SIMULATION ENVIRONMENT
The performance evaluation of AODV routing protocol have been experimented to both hop count and estimated distance algorithm in various simulation time using Avrora simulator.
A. Network Simulators
Avrora has support sensor platforms such as Mica2 and MicaZ, by allowing wireless network simulation and vastly allows dynamic instrumentation and static analysis. It is a set of simulation tools for WSN by UCLA Compilers Group [11] and designed particularly for sensor networks embedded in Java. It contains a model of energy consumption as it is the extension of TOSSIM. However, Avrora simulator attempts to reach better speed and scalability compared to TOSSIM. Unlike TOSSIM, Avrora which is based on Java, simulates each node as its own thread, while implementing the code [12] . The operation of the program simulated by Avrora, while emulating devices that interact with the program. It also provides application program interface(API) to examine and monitor the program for its execution debugging, profiling and testing purposes. Avrora allows the simulation with networks of more than 10000 nodes and performs up to 20 times faster than previous emulators with the same authenticity [13] .
Avroras extension model used to simulate different mobility settings. The mobility model chosen in our experiments is Random Waypoint (RWP) mobility model, one of the common mobility models used in this research field. This is due to its ease of use and wide availability. We consider the use of RWP model in a rectangular network area with dimensions of Xmax and Ymax. Theoretically, this mobility models allowed mobile nodes to move randomly as the source and destination are all chosen randomly and independently by other nodes. This theory is also depends on the researcher itself on how to specified the mobile and static nodes even though they have choose RWP as mobility model. As the destination reached, pause time between changes in direction of the nodes taken into places, and this will stop the nodes for a time defined by pause time parameter. As the pause time is over, random destination will be selected and the whole process repeated until the simulation ends.
B. Simulation Setup
We consider a network of nodes placing initially in a grid topology as shown in Fig. 1 . The performance of AODV is evaluated by keeping the mobility area and pause time of RWP mobility model constant and varying the simulation time of mobile nodes for different experiment settings. TABLE I shows the simulation parameters used in this evaluation.
In order to evaluate the capability of AODV routing protocol on how it reacts to network topology changes in MASNETs, we focused on the average percentage of packet loss and energy consumption. Percentage of packet loss metric can be define as the average of packets sent by the source and the packet dropped (loss) before receiving by the base station (sink). It is determined by calculating the ratio of packets unsuccessfully delivered to the sink, to the total number of packets sent by mobile nodes. While for energy consumption metric, the formula used to calculate energy is as follow:
Energy consumption can be described as the amount of energy used by the nodes for the purpose of data transmission and processing in the network [14] . It is calculated by summing up all the energy consumption of each node within transmission and receiving process.
V. SIMULATION RESULTS
Several experiments have been conducted in order to show the impact of mobile nodes on the performance of AODV by implementing two different AODV algorithms which is hop count and estimated distance. One of the important parameters have been analyzed which is various simulation time to know how far the mobility duration affect the performance of AODV.
First experiment is purposely to know how far the movement II and Fig. 4 , the amount of increase for each time interval is around 30000 Joule for both distance estimation and hop count. This is due to more occurences of broken link if the duration of simulation increase in the network. When the length of simulation increase, possibility of mobile nodes to move away from the destination is higher which will cause the connectivity or node's link to be broken. The process of re-establish communication will consume higher energy for longer simulation duration. In Fig. 4 , the average energy for both hop count and estimated distance increase gradually from 32343.16J up to 196902.6J. When we compare the simulation results between estimated distance and hop count, the differences can be seen on the value of energy consumption at each simulation time. This indicates that the pattern of simulation results on hop count is more or less the same as compared to the pattern of simulation results on estimated distance but the value of energy consumption of hop count a bit higher than estimated distance which is around 1000J. The value of energy consumption for distance estimation is a bit lower in between 32343.16J to 17.4323.05J. While for hop count energy consumed is in between 30180.08J and 196902.6J. From this experiment, we can see that the simulation length gives impact on energy consumption. However, the value of energy consumed can be reduced by implementing estimated distance as a way of selecting the next hop node in AODV.
Another experiment examine the percentage of packet loss of mobile nodes in different simulation times for both hop count and estimated distance routing algorithm. When we compare the simulation results of estimated distance and hop count, the graph pattern is almost similar but the value show It can be clarified that from the experimental results, AODV routing protocol perform well with the presence of estimated distance instead of hop count. The reasons are that even though AODV can find a new route for packets forwarding by analysing the shortest path(measured in terms of number of hops that a path goes through), but the path selected generally hard to provide a highly reliable path estimation in WSN. Thus, hop count does not provide the shortest distance of route from source to destination and most probably consumed more energy in communication. Therefore the presence of estimated distance as an enhancement of current AODV algorithm will diminish the issue of energy consumption and percentage of packet loss in mobile environment.
VI. CONCLUSION AND FUTURE WORK
In this paper, the focus is on the enhancement of Adhoc On-demand Distance Vector (AODV) to reduce energy consumption and percentage of packet loss in MASNETs. The estimated distance algorithm is proposed as an enhancement to current routing algortihm which is hop count. This is to ensure that AODV can perform better in mobile environment. In the proposed routing algorithm, the changing on the algorithm of selecting the next hop node is done based on distance estimated between sensor nodes through the computation of Received Signal Strength Indicator (RSSI)values. Therefore, an efficient distance estimation algorithm proved that it can reduce energy consumption and reliably transmit data to the sink node in the event of frequent topology changes in energyconstrained of MASNETs.
As the proposed energy-savvy routing algorithm for MASNETs is based on distance estimation to conserve energy in mobile environment,it is expected that the proposed algorithm will prolong the network lifetime and further implemented on a real sensor to be deployed on any MASNETs applications.
In order to successfully implement AODV in a mobile environment, there are several avenues for further studies as follows:
• To design an energy-savvy routing protocol using estimated direction that able to react efficiently on network topology changes.
• To integrate cross-layer design for energy-efficient working of AODV. For instance, we study on different approaches to estimate the distance and direction of mobile nodes to get a better selection of the next-hop node in MASNETs.
